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DISCLOSURE TEXT: 

This capacitor design permits deletion of 
defective areas, for 

improved yield, with acceptable electrical performance. 
Several 

approaches are possible for including power supply 
decoupling 

capacitors on a multichip module for use in high 
oerformance 

computers. Discrete capacitors can be mounted on the 
module top 

surface, with power planes in the module connecting 
them to the 

chips. Alternatively, integrated decoupling capacitors 
can reduce 

the effective inductance of the capacitor connection by 
embedding 

capacitor plates in the module directly under the chip. 
This design 

for a new thick film integrated capacitor design 
includes: 1) The 

capacitor is formed from a single set of parallel 
plates by use of a 

relatively thin (approximately 1 mil) layer of a 
ceramic material 

with a high dielectric constant, such as lead-iron- 
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tungstate/niobate . 2) The capacitor is fabricated 
using standard 

screening and firing techniques on top of a pre-fired 
ceramic module. 

3) The top capacitor plate is broken into multiple 
segments which 

may be interconnected by deletable conducting straps. 
The 

configuration of the straps can be chosen to connect 
the plates into 

multiple capacitors in order to decouple several 
voltage pairs. 4) 

Sufficient surplus capacitance is built into the 
structure so that 

defective segments of the capacitor plate may be 
isolated without 

substantially degrading electrical performance. 5) 
Plates may be 

tested for short circuits prior to the application of 
the strap 

metallurgy. After blanket application of conductor 
straps, possibly 

by thin film deposition, laser deletion of selected 
straps can be 

used to disconnect the defective segments from the 
remainder of the 

capacitor. A cross section of the capacitor structure 
is shown in 

Fig. 1. Chip 10 is mounted on C-4 solder balls 17 on 
standard pads 

(not shown) in thin film wiring layer 21. 
A set of mesh planes 11, 

which are embedded in the ceramic module 9, connect the 
chip 10 to 

the top capacitor plate 12. The meshes 11 are similar 
to those used 

with the discrete capacitor design referred to above. 
However, in 

the present integrated structure, the interconnection 
length is 

significantly shorter, resulting in lower inductance. 
The mesh 

planes 11 are connected to the capacitor plates by vias 
14 which 

contact the deletable connection straps 15 to the top 
capacitor plate 

12. Several vias and straps are used in parallel in 
order to reduce 
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the inductance, and to provide redundancy in the case 
of an open 

connections. Vias 16 connect C-4 solder balls 17 to 
planes 11. 

Ground plate 18 is the lower plate of the capacitor (s) 
below high K 

dielectric 20. The top plate 12 of each section of the 
capacitor is 

divided into segments 24. 

The top view shown in Fig. 2 has eight 

segments in each quadrant of the chip site area. No 
capacitor plates 

are placed directly under the chip 10, shown in 
phantom. This avoids 

any conflict with the large number of vias 14 required 
for signal 

interconnections. The actual number of segments 24 can 
be varied 

depending upon the required capacitance and inductance. 
In addition, 

the number of straps 15 interconnecting segments 24 can 
be increased 

to further reduce inductance. For the design shown in 
Figs. 1 and 2, 

the effective inductance has been estimated as 70-90 pH 
for each 

voltage pair on a per chip basis. 
This is about 30-40% lower than 

that expected for a comparable discrete decoupling 
capacitor design. 

This redundancy scheme depends upon having enough 
excess capacitance 

in the structure to meet power supply decoupling 
requirements where 

one or more segments are defective and must be deleted. 
For a 

material with dielectric constant of 1000, 
approximately 60 nF of 

capacitance is available in the 14 x 14 mm area 
typically occupied by 

a chip. This could be increased by using a higher 
dielectric 

constant, or a smaller dielectric thickness. However, 
this value is 

more than adequate for the module requirements 
presently anticipated. 

Note also, for a defect density of 0.1 defects/cm2 it 
is expected 
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that fewer than 0.1% of the modules wil have power 
planes with less 

than 20 nF per chip site. 

Rework may be accomplished by relapping or 

regrinding the substrate (before costly redistribution 
wiring is in 

place) . 
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DISCLOSURE TEXT: 

Disclosed is a decoupling capacitor designed 

for direct 

attachment to the solder ball pads of an integrated 
circuit (IC) 

chip. Both the design and process and materials of 
fabrication are 
described. 

The figure shows a cross-sectional view of an 

integrated 

circuit chip having solder ball connection terminals 
attached to a 

thin, flexible printed circuit carrier similar to that 
described in 

U.S. Patent 4,231,154, and having attached by solder 
ball terminals 

to the under side, a flat, thin film multi-element 
decoupling 

capacitor. The details of the geometry and connections 
of the 

capacitor are determined by the number of power voltage 
levels 

reguired by the IC chip and the associated solder ball 
connections 
provided. 

The capacitor is made on a substrate having 
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mechanical 

rigidity, electrical insulating and thermal expansion 
and stability 

properties suitable for the purpose. Silicon and 
certain ceramics 

and glasses are examples of acceptable materials. A 
first 

metallization, preferably of copper, is applied by any 
number of 

available processes, such as evaporation or sputtering, 
thus forming 

the ground or reference plate of the capacitor. 

The dielectric layer is formed by one of 
several processes 

also, and a variety of materials may be selected for 
this layer. One 

possible choice is barium titanate applied by screen 
printing 

followed by sintering to remove organic binders and 
develop the 

desired high dielectric constant. 

A second and preferred choice is to apply 
titanium pentoxide by 

a sol-gel process based on the hydrolytic 
polycondensation of 

titanium alkoxides. This process consists of first 
applying a resist 

to form the necessary vias as shown in the figure, 
followed by spray, 

dip or spin coating of the sol. The sol is then dried 
and the resist 

is removed to lift off the sol-gel in the via area. 
Heat treating is 

reguired to remove organics and develop the desired 
film properties. 

Multiple coats may be applied before resist removal to 
give the 

desired thickness. 

The top capacitor electrode may be formed by 
any of several 

well known processes that involve evaporation, 
sputtering, 

electroplating, or screen printing of metal, such as 
copper, followed 

by chemical etching to produce the pattern desired. 
Alternatively, 

the sol-gel coating may be doped to catalyze 
electroless plating of 
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copper in the pattern produced by resist applied before 
plating 

begins. More than one capacitor element for decoupling 
multiple 

voltage levels supplied to the same IC chip can be 
produced by 

segmenting the tip electrode. 
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DISCLOSURE TEXT: 

- Disclosed is a decoupling capacitor designed for direct 
attachment to the solder ball pads of an integrated circuit (IC) 
chip . Both the design and process and materials of fabrication are 
described. - The figure shows a cross-sectional view of an integrated 
circuit chip having solder ball connection terminals attached to a 
thin, flexible printed circuit carrier similar to that described in 
U.S. Patent 4,231,154, and having attached by solder ball terminals 
to the under side, a flat, thin film multi-element decoupling 
capacitor. The details of the geometry and connections of the 
capacitor are determined by the number of power voltage levels 
required by the IC chip and the associated solder ball connections 
provided. - The capacitor is made on a substrate having mechanical 
rigidity, electrical insulating and thermal expansion and stability 
properties suitable for the purpose. Silicon and certain ceramics and 
glasses are examples of acceptable materials. A first metallization, 
preferably of copper, is applied by any number of available 
processes, such as evaporation or sputtering, thus forming the groun d 
or reference plate of the capacitor. - The dielectric layer is formed 
by one of several processes also, and a variety of materials may be 
selected for this layer. One possible choice is barium titanate 
applied by screen printing followed by sintering to remove organic 
binders and develop the desired high dielectric constant. - A second 
and preferred choice is to apply titanium pentoxide by a sol-gel 
process based on the hydrolytic polycondensation of titanium 
alkoxides. This process consists of first applying a resist to form 
the necessary vias as shown in the figure, followed by spray, dip or 
spin coating of the sol. The sol is then dried and the resist is 
removed to lift off the sol-gel in the via area. Heat treating is 
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required to remove organics and develop the desired film properties. 
Multiple coats may be applied before resist removal to give the 
desired thickness. - The top capacitor electrode may be formed by any 
of several well known processes that involve evaporation, sputtering, 
electroplating, or screen printing of metal, such as copper, followed 
by chemical etching to produce the pattern desired. Alternatively, 
the sol-gel coating may be doped to catalyze electroless plating of 
copper in the pattern produced by resist applied before plating 
begins. More than one capacitor element for decoupling multiple 
voltage levels supplied to the same IC chip can be produced by 
segmenting the tip electrode. 
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